Background: Intravenous immunoglobulin (IVIG) is an established treatment of immune mediated demyelinating neuropathy including Guillain-Barré syndrome and chronic inflammatory demyelinating polyneuropathy. Recent trials suggest its efficacy in treating relapsing-remitting multiple sclerosis. IVIG exerts a number of effects, which may be beneficial in treating multiple sclerosis (MS): Reduction of inflammation, inhibition of macrophages, and promotion of remyelination. The aim of this study was to provide an overall assessment of the existing trials of safety and effectiveness of IVIG in relapsing-remitting MS compared to other drugs currently available for the treatment of disease activity in MS.
Introduction
Multiple sclerosis (MS) is a chronic and debilitating, progressive inflammatory and degenerative disease of the central nervous system (CNS) which affects the brain and spinal cord, in which infiltrating lymphocytes, predominantly T-cells and macrophages lead to damage of the myelin sheath (1) (2) (3) (4) (5) .
The cause and pathogenesis of MS remain to be unknown (6,7), although it is thought to be autoimmune in nature. A variety of genetic, immunological, and environmental factors have been implicated in triggering the onset and progression of the disease, which is characterized by immune-mediated tissue injury directed against CNS myelin antigens(8). MS is one of the most common contributors to neurological disability among young and middle-aged adults. The peak age of the onset is approximately 30 years, and the disease occurs in twice as many women as men (2, 8) .
The estimated number of people with MS has increased from 2.1 million in 2008 to 2.3 million in 2013. The MS prevalence rate in Tehran, capital city of Iran, is estimated to be 51.9 per 100,000 population in 2010; and in Isfahan, one of the large cities of Iran, is estimated to be 43.8 per 100,000 population in 2007 (10).
Intravenous immunoglobulin (IVIG) is a blood product, which is prepared from pools of plasma of at least three thousand and up to a hundred thousand healthy blood donors. Initially used at a ''replacement dose'' for patients who have antibody deficiencies, IVIG is now increasingly being used for the treatment of autoimmune and systemic inflammatory diseases as an immunomodulatory agent (11) .
IVIG exerts may have a number of positive effects on multiple sclerosis (MS): Reduction of inflammation, inhibition of macrophages and promotion of remyelination, and increased number of activated proinflammatory T-cells (Th1); a reduced number of regulatory T-cells (Th2), and an increased number of B-cells produce IVIG antibodies against myelin proteins (12, 13) . A number of trails have indicated effects on MS (Sorensen et al., 1998; Lewanska et al., 2002,….) . It is, therefore, important to establish the efficacy of intravenous immunoglobulin treatment to ensure that people with MS are not exposed to a potentially harmful drug without good evidence of efficacy, and that resources are not unnecessarily devoted to an unproven therapy.
Objective
We conducted a meta-analysis of the trials in order to provide an overall evaluation of the safety and effectiveness of IVIG in relapsing-remitting MS compared to other drugs currently available for the treatment of disease activity in MS.
Methods

Criteria for Considering the Studies for Meta-analysis
Types of Studies: We searched randomized controlled trials, which assessed the safety, efficacy and effectiveness of intravenous immunoglobulins for MS.
Types of Participants: Trial participants were diagnosed with definite MS(according to the McDonald diagnostic criteria)(4). Participants may have had relapsing-remitting MS.
Types of Interventions:
We limited this meta-analysis to trials of intravenous immunoglobulins for relapsing-remitting MS.
Types of Outcome Measures: Progression of the disease was evaluated using the Expanded Disability Status Scale (EDSS).
1) The proportion of patients remaining relapse-free at the end of the treatment period 2) Annualized relapse rate, relapse rate, expressed as the number of relapses per annum in each treatment arm
3) The proportion of patients improved in EDSS 4) The proportion of patients deteriorated in EDSS.
Search Methods to Identify the Studies
Electronic Searches: A systematic search was conducted (From 1990 to2014, which was updatedin2015/6) to identify all relevant published and unpublished random-ized controlled trials (Fig. 5) .
For this review, the following databases were searched: MEDLINE (PubMed and Ovid Medline), Cochrane library, CRD, Trip Database, FDA, Google scholar, and NAHTA (Table 7) .
Searching other Resources: To find more resources and studies that may have not been found in the electronic search, we searched the reference lists of the identified trials. Moreover, the clinical handbooks of Multiple sclerosis and guidelines for the use of intravenous immunoglobulin were searched.
Data Collection and Analysis
From 748 sources of the initial search, we identified 16 trials. To be included in the review, a trial had to meet the following criteria: (1) Allocation concealment had to be adequate (Unclear allocation concealment was accepted if every other methodological factor was of the best possible standard); (2) Treated and non-treated groups had adequate baseline comparability; (3) Patients and the treating physicians were blind to the treatment allocation; (4) All analyses had to be intended-to-treat analyses.
We excluded 10 trials: Five trials differed in the type of drug used in the control group, and three trials did not measure the desired outcomes, one trial was conducted only on pregnant women, and one trial did not clearly specify the target group. We performed a quality evaluation of evidence for trails in this review by Cochrane Reviewer's Handbook, which discusses the methodological quality under the following headings: (1) Selection bias; (2) Performance bias; (3) Attrition bias; and (4) Detection bias. In addition, we performed a quality evaluation of evidence for trials included in this review by Jadad checklist.
For the quantitative outcomes of EDSS score and annual relapse rate, the combination of results was based on the use of the effect size (SMD), Δ/σ, where Δ is the difference in the mean results for IVIG and placebo and σ is the common (population) standard deviation (SD). These quantities are estimated for each study by the difference in the mean scores and the pooled estimated SD, σ. Note that the ratio of these estimates is biased and a bias adjustment as described by Begg's test was considered in the analysis. These results were pooled together using weights based on the sample size for each trial and study preparation, using basic techniques described by Begg's test. However, before pooling all of the results, a chi-square test for homogeneity was conducted. If this test was significant, an attempt was made to eliminate the result(s) that may have caused the heterogeneity, and the remaining findings were then combined.
For the qualitative outcomes of relapsefree, improved and deterioration rates, effect size is simply the difference in the proportions between the active and placebo groups. These values are weighted based on the difference in proportions. A test of homogeneity of results was also used following a simple modification of the chi-square procedure mentioned above. In addition, odds ratios were computed for each study and overall, 95% confidence interval was assumed. These calculations were implemented using Stata / SE 11.
Results
Patients and Study Design
We identified six published studies, which met our inclusion criteria (Fazekas et (4, 14) . Thus, we performed a more comprehensive meta-analysis.
In the six included trials, 537 patients were enrolled. Patient characteristics, IVIG dosage, and trial duration, etc. are presented in Table 1 
Description of Studies
In the study by Fazekas et al. (1997) , the primary outcome measures were the change in EDSS and the proportion of patients who improved, remained stable or worsened in disability, defined as an increase or decrease of at least 1.0 point in the EDSS score by the end of the study. Secondary outcome measures included the annual relapse rate and the proportion of relapse-free patients (15) .
In the Achiron et al. (1998) study, they used the annual relapse rate, proportion of relapse-free patients and median time to first relapse as the primary study endpoints. The changes in neurological disability measured on the EDSS scale, mean annual severity of exacerbations and mean MRI lesion score were used as the secondary outcome endpoint. Alloutcomes were measured at baseline and after 1 and 2 years (16) .
In the study of Strasser et al. (2000), the change in EDSS and the proportion of patients who improved, remained stable or worsened in disability were the primary outcomes measured. The secondary endpoints were the number of confirmed relapses, the annual relapse rate, time to first relapse during the study period and proportion of relapse-free patients (17).
In the study of Lewanska et al. (2002), two groups were treated with two doses of IVIG 0.4 g/kg and 0.2 g/kg, and one group with placebo. The annual relapse rate and a comparison between pre-study relapse rate and relapse rate during the study period were considered as primary outcomes. The secondary clinical outcomes included the proportion of relapse-free patients, mean changes in the EDSS, and the proportion of patients with worsening, mean changes in the NRSS (Neurological Rating Scale Score), change of mean lesion volume on T2-weighted, the mean number of new lesions on T2-weighted and the mean number of gadolinium-enhancing lesions on T1-weighted scans every 3 months (18) .
In the study of Kocer et al. (2004) , endpoints measured included the proportion of patients who improved, remained stable or deteriorated of clinical disability, changes in the EDSS, the number and volume of lesions on MRI in all sites (19) .
In the Fazekaset al. (2008) study, they used the proportion of relapse-free patients and annualized relapse rate as the primary efficacy endpoint. Secondary outcome (20) .
Progression of Disease (Disability)
The five trials enrolling patients had not showed significant differences between EDSS from baseline (SMD,-0.025; 95% CI, -0.211 to 0.161; p= 0.860; Table 2 , Fig. 1) , Thus, the trials were comparable in this respect. There were no evidence of heterogeneity among the studies (p= 0.860, χ 2 = 2.57, I 2 =0.0%). Four trials showed a trend towards a reduction in EDSS score during the IVIG treatment when compared to the baseline.
The decrease in EDSS score was defined as an effect size (SMD) -0.052 with a 95% confidence interval from -0.288 to 0.183 (p= 0.663), and the difference was not statistically significant (Table 3 , Fig. 2 ). There was evidence of heterogeneity among the studies although it was not statistically significant.
Four studies reported the proportion of patients who improved, and five studies provided an analysis of the proportion of patients who deteriorated. 2004) did not determine the definition improvement. The metaanalysis revealed a significant difference in the proportion of patients who improved on IVIG compared to placebo treatment. A test for heterogeneity across the studies was significant for this variable (p= 0.0001). Also, the meta-analysis revealed a strong trend in the proportion that deteriorated between placebo and IVIG-treated patients (Table 4) . However, there was a large degree of heterogeneity in these results (p=0.009).
Proportion of Relapse-free Patients: Four trails reported the proportion of relapse-free patients (Fazekas et al. 1997 ; Achiron et al. The difference was statistically significant with a p-value of 0.002. In addition, no evidence of heterogeneity was found among the studies (p= 0.007), indicating that the results were consistent over the trials. The odds-ratios for being relapse-free with 95% confidence intervals for each study and the overview results are given in Table 5 , Fig.  3 .
Relapse Rate: Four studies reported the annual relapse rate in patients at baseline, which the meta-analysis did not show any significant difference between IVIG and placebo groups (SMD= 0.136; 95%CI, -0.090 to 0.361; p= 0.238) (Fig. 4) . Table 6 demonstrates the changes in the annual relapse rate in four trails (Fazekas et ment with IVIG, or placebo. The pooled results revealed significant differences in the number of relapses experienced on an annual basis in favor of IVIG (SMD= -0.218; 95% CI -0.412 to -0.024; p=0.028) (Fig. 5) .
Discussion
The present research confirms that intravenous immunoglobulin has a beneficial effect on the annual relapse rate, proportion of relapse-free patients, on the proportion of patients deteriorated and improved, and on clinical disability in patients with relapsing-remitting MS. Despite the difference between the included trials (design, duration, dose and endpoint), the results seemed The results of the present overview revealed that IVIg does not have an effect on the EDSS scores compared to placebo; and although it was decreased, it was not statistically significant. The difference in the annual relapse rate between IVIG and placebo-treated patients was a result of a strong reduction in the annual relapse rate on therapy compared to baseline in the IVIG group. The proportion of relapse-free patients increased in the IVIg compared to placebo treatment. The increase in the proportion of the patients improved clinically indicated a positive association with receiving IVIg treatment compared to placebo in The results of similar studies that have been done in this field in other countries (Sorensen 2002 (14) , Fergusson 2004 (21) and Gary 2009 (4)) are largely similar to the results obtained in this study.
The studies that were entered into the meta-analysis used different doses of IVIG Fazekas et al. 2008) , and these two trails can help select the optimal dose of IVIG. However, the decisions made considering the use of each of the doses are associated with the frequent and severe side effects. Unfortunately, the two mentioned studies did not show any difference between the two doses.
Several studies have shown that immunoglobulin was well tolerated, and did not report any severe related side effects; the most common mild side effects included headache, nausea, fever, dizziness, chills, rash and fatigue.
Most of the studies compared the effectiveness of this drug with placebo. However, to determine the effectiveness of this drug, it needs to be compared with other MS drugs. However, unfortunately, few studies (3 trials and one intervention study) have done this comparison. The study conducted by Kalanie et al. 2004 (22) compared the efficacy of this drug with interferon beta-1a (Avonex) in RRMS patients. Thisstudy showed a reduction of relapse rates by using IVIG compared to interferon beta-1a better safety profile for IVIG in the studiedIranian population. In the two other studies (Visser et al. 2004 and Sorensen et al. 2004 ), IVIG was used as add-on to methylprednisolone and was compared to IV methylprednisolone only in the treatment of relapses in MS, and in both studies there was no significant difference between the groups in terms of relapse and measured outcomes (23, 24) .
Although studies have shown beneficial effects of immunoglobulin in measuring variable diseases activities, the evidence, with regards to the short duration and the number of participants in the trials, was not sufficient, and more accurate assessment of the patients is needed. Thus, based on the results of this meta-analysis, immunoglobulin can be considered as an alternative option, second-line therapy, or adjuvant therapy considering its beneficial effect (high tolerance, need to be injected with longer intervals, etc.) for treating relapsingremitting MS patients.
